We report sequence data from a cloned rDNA unit from Xenopus borealis, extending leftwards from the 18S gene to overlap a region previously sequenced by R.Bach, B.Allet and M.Crippa (Nucleic Acids Research JJ,(5311)(5312)(5313)(5314)(5315)(5316)(5317)(5318)(5319)(5320)(5321)(5322)(5323)(5324)(5325)(5326)(5327)(5328)(5329)(5330) .
INTRODUCTION
It is well known that the transcribed spacers of ribosomal DNA (rDNA) in eukaryotes are phylogenetically much more variable than the sequences encoding mature rRNA (refs.1-5 and references therein).
Sequence comparison between the internal transcribed spacers (ITS) of two species of African frog of the same genus, Xenopus borealis and X.laevis, has revealed a pattern of major sequence divergence with small conserved tracts (5) .
The relative spacing of the conserved elements in the X.borealis sequence with respect to that of X.laevis implies that insertions and deletions have played a major role in ITS sequence divergence (5) . A similar conclusion has been reached for the ITS The two runs marked by asterisks were carried out on 3' labelled material.
The long run extending rightwards from the boxed Alu I site at nucleotide -1150 was obtained by the dideoxy terminator method after subcloning into bacteriophage M13 mpll.
(This and other Alu I sites in the NTS are also Sst I sites: the fragment subcloned was the 1.3 kb Sst I/Xba I fragment) .
The general structure of the region to the left of the boxed Alu I site was examined by the restriction mapping procedure of Smith and Birnstiel (12 
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Figure 2
Sequence comparison between X.borealis and X.laevis rDNA in the ETS and adjacent region of the NTS.
In both species the repetitive regions of the NTS contain Alu I/Sst I sites, but the sequence organisation surrounding these sites differs between the two species. The sequences shown here start at the last Alu I/Sst I site in the NTS and extend into the start of the 18S gene.
The sequences are from the clones pXbrlOl (X.borealis) and pXlrlOl (X.laevis).
A few uncertainties renain in the sequences (dots above nucleotides) concerning the exact nunber of nucleotides at the indicated positions;
for example at nucleotide -10 in the ETS of X.borealis there was a spacing irregularity 
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which may possibly conceal a second A residue. The numbering system extends leftwards from the start of the 18S gene and is based on the best interpretation of sequence data at ambiguous points.
Minor variants in the sequences including length microvariants occur in other X.laevis clones outside the 18S coding region (15) , and possibly in X.borealis also, and this fact renders any numbering system somewhat arbitrary. Boxes surround regions of strong homology between X.borealis and X.laevis.
In the ETS these homologous regions are denoted tracts 1-5. At the top of the X.borealis panel the boxing over the central regions of the 44 bp repeats denotes the short zones of strong homology with the 40S initiation sequence.
For further details see the text. Gaps have been introduced at a few sites where necessary to maximise homologies.
Boxes denote tracts of three or more nucleotides which are identical between all three species.
This criterion for boxing differs from that in figure 2 , where only X.borealis and X.laevis are considered; nevertheless the general pattern of conserved sequences is apparent in both figures.
The oligo dT tract at 25 nucleotides to the left of the transcription initiation site is not identical between the three species.
The indicated Hinf I site in X.laevis is homologously located to the Bam HI sites of the Bam islands in the X.laevis WTS (16) .
A Hinf I site also occurs at this site in the X.borealis clone sequenced by McStay and Bird (11) but not in the present clone pXbrlOl. On the bottom line, the X.borealis 44bp repeat refers to the region that is centred upon nucleotide -1000 in figure 2.
The 44bp sequence is aligned in the figure with the transcription initiation region. The tract of strong homology is boxed, and two "extra" nucleotides are shown with A signs to permit alignment of the rest of the sequence with the 40S sequence.
repeated elements are interspersed in a rather complicated pattern (see ref.
10 for a full description) .
Of importance in the present context is the following.
Recurring at intervals in the repetitive part of the NTS is a 44-46 bp 'canon' (10) containing a 13bp sequence which is homologous with the transcription initiation sequence in X.laevis. The sequence in tib 18S Figure 4 Summary diagram of ETS and preceding region in X.laevis and X.borealis, showing the relative locations of the tracts that are conserved between the two species.
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The 5' end of the 18S coding sequence is shown in black and is fully conserved (5) . Conserved tracts in the ETS and promoter region are shaded.
Conserved tracts which are internally located in the ETS (i.e. tracts which are non-contiguous with the transcription initiation site or 18S gene) are designated by boxed numerals which correspond to the numbers of the tracts in figure 2 . Numbers in between these boxes, and shown within arrows where space permits, designate the lengths, in nucleotides, of the respective divergent tracts.
X.b -X.I denotes the length differences between the divergent tracts in X.borealls and X.laevis: a minus sign signifies that the respective tract is shorter in X.borealis than in X.laevis, a plus sign signifies that the tract is longer in X.borealis. (14) (see also the discussion) and also to a region of strong sequence homology preceding and including the transcription initiation site in X.clivii (10) . We infer that the X.borealis transcription initiation site lies in this region as shown in figure 2 , and not where it was previously thought to be. This inference has been substantiated by combined sequencing and S mapping data obtained by McStay and Bird (11) . The sequence homologies in the promoter regions of X.laevis, X.clivii and X.borealis are summarised in figure 3.
The ETS in X.borealis: major divergence from X.laevis
The ETS in pXbrlOl is 612 nucleotides long, 100 nucleotides shorter than in the X.laevis clone pXlrlOl (figure 2), from which it shows major sequence divergence. The sequences diverge within a few nucleotides of the transcription initiation site, and next to the 18S gene only three nucleotides are identical. However a number of homologous tracts occur internally within the ETS.
Homologous tracts in the ETS
The main tracts of homology are indicated by boxing in figure 2 .
The tracts thus identified contain a minimum of ten perfectly homologous nucleotides or a larger number with almost perfect homology. The longest tract starts about 120 nucleotides downstream from the transcription initiation site and is just over 100 nucleotides long.
The homologous tracts occur in the same linear order in the two sequences.
Divergent tracts and length differences
In between the homologous tracts the sequences differ in content and length. The length differences are summarised in figure 4 . These divergent regions contain several traces of partial homology, such as the C rich tract a short distance upstream from the start of the 18S gene.
However, none of these is as clearcut as the tracts identified in figures 2 and 4.
The region flanking the 18S gene is the most extensive divergent tract in the ETS. This region differs in length by 100 nucleotides between X.borealis and X.laevis (figure 4).
Other X.borealis and X.laevis rDNA sources
We have carried out restriction tests on three further X.borealis rDNA clones, pXbrlO4, 105 and 106, in parallel with pXbrlOl.
The tests afforded length calibration of the four clones in the region between the Alu I and Xba I restriction sites denoted by boxes in figure 1 , and some data on the internal sequence organisation in this region. No differences were detected between the clones. We conclude that pXbrlOl is typical of X.borealis in its overall sequence organisation in this region. This is confirmed in part by the substantial agreement between our sequence data and those of Bach £t ^1 (10) and McStay and Bird (11) .
Comparative data on X.laevis rDNA clones show that pXlrlOl is typical in its sequence organisation throughout the region discussed in this paper (7, 8, 9 ,15 and our unpublished data). However microheterogeneities occur in the transcribed spacers of X.laevis rDNA (15) as discussed later, below. We have not as yet examined X.borealis rDNA for microheterogeneities at the nucleotide sequence level in the ETS.
DISCUSSION
The promoter region
The present findings and those of McStay and Bird (11) lead to a revised assignment of the promoter region in X.borealis, which is of interest in relation to the assay for promoter function developed by Moss (14) . The assay involved microinjection of X.laevis rDNA into X.borealis oocytes and detection of X.laevis transcripts.
On the basis of the previously reported very limited homology between the X.borealis and X.laevis transcription initiation regions it was perhaps surprising that endogenous X.borealis RNA polymerase I functioned efficiently on an exogenous X.laevis rDNA template. The relatively high degree of sequence homology which is now evident is presumably a key factor in successful heterologous transcription.
Nevertheless, sequence horoology between the respective promoter regions is not complete. One feature of the X.leavis promoter which has elicited comment is a tract of six T residues some 25 nucleotides upstream from the transcription start site (14, 9) . Only four of the six T residues occur in the X.borealis sequence: hence no absolute functional requirement can be attributed to the six T motif.
The region thought by Bach e_t al^ (10) The X.laevis and X.borealis ETS sequences show no major homology tracts leftwards from the region shown, although there are traces of homology in the form of purine-rich or pyrimidine-rich blocks at similar locations in the sequences.
The Taq I site in X.laevis borders the transition into a region of high homology with X.borealis.
This region encompasses the relatively short tract 1 and then tract 2 whose full extent is shown in figure 2 .
The X.clivii sequence shows only a trace of homology with tract 1 in the form of a C-rich sequence (interrupted underlining) but shows extensive homology in tract 2 up to the end of the sequenced region (10) , delineated in the figure by a slanting line.
Nucleotides are numbered both positively in relation to the respective transcription initiation sites and negatively (in X.laevis and X.borealis) in relation to the 18S gene. nucleotides shorter than that of X.laevis in this region.
The following findings from X.laevis may afford some insight into the apparent instability of this region.
As already mentioned, the 
Alignment of the 18S flanking regions of the ETS and ITS I of X.borealis in antiparallel orientation.
Although several short regions of potential complementarity can be found by sliding the alignments, there are no long regions of complementarity.
Brackets in ETS show some blocks of nucleotides which would be expected to interact locally.
Tract 5 is the respective ETS homology tract in figures 2 and 4; tract 1 is the respective ITS 1 horaology tract in ref. 5 . The occurrence of these homology tracts at equal distances from the 18S gene in X.borealis seems to be fortuitous; in X.laevis the distances are unequal.
For further discussion see the text. rRNA (18)).
There is no convincing evidence for such an interaction in Xenopus, and the available evidence is unfavourable. This evidence may be summarised as follows. In X.laevis the 18S-flanklng regions lack the complementarity required for such an interaction, as discussed in detail in ref. What is not clear is whether these regions are functionless or whether they perform some general function which is not sequence-dependent.
